Multiple group-specific (gs) components of the avian leukosis-sarcoma viruses were detected by immunodiffusion (Ouchterlony) One-to 2-day-old SPAFAS (Norwick, Conn.), RIFfree, COFAL-negative chicks were inoculated intravenously with 0.1 ml of the material. Blood (heparinized) was harvested by exsanguination when clinical leukemia was evident, and plasma and buffy coats were separated. Various organs were harvested aseptically, and 20% (w/v) suspensions were made in Veronal-buffered saline (VBS). Control plasmas and organ suspensions were obtained from normal SPAFAS chicks and SPAFAS 6-month-old adult chickens.
Hamsters developing tumors after inoculation with various strains of Rous sarcoma virus (RSV) usually develop a group-specific (gs) complementfixing (CF) antibody (10) . Chickens infected with various strains of RSV or avian leukosis viruses (ALV) may develop strain-specific neutralizing antibody (1, 12). Strain-specific neutralizng antibody has not been found in hamster antisera, and gs antibody has not been detected in chicken sera with immunofluorescent staining (12, 19) . By the Ouchterlony technique, however, a precipitating antibody directed against the same gs components of RSV This report concerns the detection of these antigens in various viruses of the group and in cell preparations from tumors and leukemia induced by these viruses, along with the release of the antigens by procedures which disrupt intact virions. The results of selected parallel complement fixation (CF) tests, along with studies to evaluate the possible role of a normal tissue antigen in the gs reactions (5), are included. In addition, antigenic relationships between Marek's disease (13) and the RSV-AMV complex were investigated by immunodiffusion and CF.
MATERIALS AND METHODS
Virus and antigen preparations. The BAI strain A of AMV [titering 8.3 X 1011 per 1.5 ml by the adenosine triphosphatase test (14) ] was obtained in most generous amounts from Joseph and Dorothy Beard. One-to 2-day-old SPAFAS (Norwick, Conn.), RIFfree, COFAL-negative chicks were inoculated intravenously with 0.1 ml of the material. Blood (heparinized) was harvested by exsanguination when clinical leukemia was evident, and plasma and buffy coats were separated. Various organs were harvested aseptically, and 20% (w/v) suspensions were made in Veronal-buffered saline (VBS). Control plasmas and organ suspensions were obtained from normal SPAFAS chicks and SPAFAS 6-month-old adult chickens.
Line BC chicks inoculated with the JM strain of Marek's disease (13) were kindly sent by R. L. Witter and B. Burmester. The chicks were maintained in isolation and at a time when no other birds under investigation were housed in the same building. When the chicks became ill, plasma and organs were harvested as above and were stored at -70 C.
After thawing, tumor and organ suspensions were clarified at 900 X g for 20 min and 3,800 X g for 30 min, respectively, the latter in a Spinco preparative ultracentrifuge (type 50 rotor). Plasma pellets were obtained by ultracentrifugation at 56,000 X g (type 50 rotor) for 1 hr and were resuspended in amounts of VBS resulting in 10-fold concentrations. Supernatant fluids were 10 times concentrated by dialysis with dry Sephadex. The standard tumor antigen (STA) used in most tests was the concentrated supernatant fluid from a Bryan chick tumor prepared as described above.
ARMSTRONG
The strains of RSV usually used were the SchmidtRuppin strain (SR-RSV) and the Bryan strain (B-RSV), National Institutes of Health lot number TV33. The other strains listed in Table 2 were obtained through the courtesy of the following colleagues: Carr (C-RSV), J. Carr; Engelbreth-Holm (EH-RSV), J. Kieler; Carr-Zilber (CZ-RSV), L. Zilber; and Prague (P-RSV), J. Svoboda. The different strains were passed at different times in SPAFAS 2-week-old chicks in rooms free from other chickens. An additional strain of B-RSV used was the Hanafusa (RAV 1) strain obtained through the courtesy of E. Fleissner, Division of Virology, Sloan-Kettering Institute. Virus or tissue preparations were treated with ether by mixing equal parts (0.1 to 0.3 ml) of ether and antigen and allowing the ether to evaporate at room temperature. The preparations were treated with sodium lauryl sulfate (SLS) by adding one drop of 10% SLS to 0.5 ml of the antigen. The mixture was allowed to stand for 5 min at room temperature, placed on ice until a precipitate formed, and then centrifuged at 900 X g for 10 min at 4 C.
Serology. The microcomplement fixation test was employed (18 (16) . Neutralization tests were done as previously described (16) in CEF in tissue culture tubes. The technique was varied in most cases by use of a constant dilution of serum (1:10) and titrating the RSV in logi0 dilutions. The serum titer was then recorded as a neutralization index indicating the number of log,0 values of virus inhibited. This was not possible with CZ-RSV because focus formation was usually not detectable. A cell extract from a continuous cell line derived from a hamster glioma induced by B-RSV (17) was concentrated by ammonium sulfate precipitation by E. Fleissner. Details of this will be presented elsewhere.
RESULTS
Detection of gs antigens. Precipitation bands were occasionally observed with unconcentrated plasma or organ suspensions (spleens or kidneys) from chicks with avian myeloblastosis in tests with hamster antisera. However, the most distinct lines appeared with antigens concentrated 10 times. Diluting concentrated antigen preparations occasionally resolved multiple lines which were not evident before. Figure 1 shows an example of this; an SR-RSV hamster antiserum was reacted with an antigen preparation of a renal tumor (nephroblastoma) from a chick infected with AMV. Four lines are evident with undiluted antigen. As the antigen was serially twofold diluted in wells 2, 3, and 4, the thickest band split into at least two if not three lines. The presence of similar gs components in RSV and AMV pellets and supernatant fluids is evident in Fig. 2 bPositive sera from a total of 72 tested. c Preimmunization sera had neutralizing antibody to B-RSV and SR-RSV.
The four separate pellets were then tested as follows: (i) fresh (untreated), (ii) frozen and thawed three times, (iii) ether-treated, and (iv) SLS-treated. Samples of these reagents were tested by the CF test and immunodiffusion with SR-RSV hamster antiserum (Table 3 ). The remainder of each of the four pellets was resuspended, ultracentrifuged again, and separated into pellet number two and supernatant fluid number two. These specimens were then tested by CF tests and immunodiffusion, and the results are included in Table 3 and depicted in Fig. 3 (Table 2 ). These sera were from chickens immunized against B-RSV, SR-RSV, Carr-Zilber strain RSV (CZ-RSV), and BAI strain AMV. Two of the chickens had not been immunized, but were from poultry farms in Maryland and Pennsylvania and had neutralizing antibody to B-RSV. It was assumed that these birds had been naturally infected with an avian leukosis virus. Sera from chickens with equal or greater neutralization titers than those that did react did not form precipitin bands.
When precipitating chicken and hamster sera were reacted with preparations containing gs antigen, lines of identity formed. In the Ouchterlony plate pictured in Fig. 4 , wells 2 and 3 contained sera from chickens hyperimmunized to B-RSV, well 5 contained serum from a Pennsylvania chicken with neutralizing antibody to B-RSV, and wells 1 and 4 contained sera from hamsters bearing Prague (P-RSV) and SR-RSV induced tumors, respectively. Repeated tests with various chicken and hamster sera showed no indication that the two antisera were detecting different components. Precipitin lines with chicken sera were usually single. Occasional tests gave an indication of two distinct lines, but this finding was not consistent.
Failure to detect gs antigens in normal tissues. All attempts to demonstrate gs antigens in normal chick tissues failed. Concentrated crude suspensions or ultracentrifuged and concentrated pellets and supernatant fluids of kidneys, livers, spleens, and plasmas, fresh, frozen and thawed, or treated with ether or SLS, were all nonreactive in both CF and immunodiffusion tests (Table 1) .
Absorption studies (Table 4) 
DISCUSSION
Immunodiffusion proved to be an excellent method for demonstrating the complexity of the gs antigens of the avian sarcoma and leukosis viruses, just as with the murine luekemia viruses (9) . Differential and density gradient centrifugation have indicated this complexity with CF testing (2, 4, 10), but multiple (probably 5) distinct bands can be resolved by immunodiffusion, a method which is reliable for detecting different antigen-antibody complexes rather than different antigen aggregates with the same antibody (11) . Multiple antigenic components of the gs antigen were also demonstrated recently by another method, polyacrylamide gel electrophoresis (6). As in a previous study by Bauer and Schaefer (4) with CF, it appears likely that all of the antigens are internal components of the virus, readily released by merely freezing and thawing. The more sensitive CF test almost always detects antigen associated with the virion, and this may be due to gs antigen aggregating and sedimenting along with the virions or it may be due to release of internal antigen from the virion during the overnight fixation in the CF test. In immunodiffusion tests with fresh pellets, lines developed in 48 to 72 hr instead of after 24 hr, presumably as a result of viral breakdown during the test. There was no indication that any of the strains of RSV contained gs antigens not present in the other RSV strains or in AMV. Therefore, the multiplicity of antigenic components would not appear to result from mixtures of viruses or from different strains of Rous-associated virus, since the hamster antisera used (unless otherwise specifically stated) were from hamsters bearing SR-RSV tumors.
The number of bands formed with various antigen preparations and antisera varied according to the antigen or antisera used, but (19) . It is possible that the gs antigen is so widespread among chickens that tolerance is common and reactors are few, as discussed by Old et al. in the murine leukemias (15) . Many of the chicken sera used were from chickens that were not RIF-free so that tolerance could be a factor. Even in RIF-free chickens, a virus containing gs antigen could have been present but undetectable by means presently available.
By CF testing, it was not possible to demonstrate a normal chicken component that reacts with sera from hamsters bearing RSV tumors, nor have Ouchterlony tests given an indication of gs components present in normal tissues. Tissues derived from normal embryos were not used, so that the CF reactions originally described by Dougherty and DiStefano (5) and subsequently confirmed in immunodiffusion tests by Furminger and Beale (8) were not observed. Whether the normal embryo antigen is identical to gs antigen (5, 8) or whether it can be distinguished from gs antigen as indicated by Bauer and Janda (3) needs further study.
The immunological similarity of gs antigens from hamster RSV tumors and from chicken sources recently described by Bauer and Janda (3) was confirmed in these studies with a continous cell line derived from an RSV hamster tumor (17) .
